Sarcomatoid carcinomas are uncommon, high-grade tumors, predominantly composed of spindle cells. Only a few cases arising in the penis have been reported. The aim of this study is to better define the clinicopathologic features of this neoplasm. A total of 400 cases of squamous cell carcinoma of the penis were reviewed from which 15 sarcomatoid carcinomas (4%) were identified. Clinical and pathologic features were evaluated in all cases. Immunohistochemical studies for expression of AE1/AE3, Cam 5.2, 34bE12, EMA, vimentin, muscle specific actin, smooth muscle actin, desmin, S-100, p63, and p53 and in situ hybridization studies for HPV were performed in 5 cases. Information about lymph node status was available in 9 cases, and follow-up in 5 cases. The mean age was 59 years, and mean tumor size was 5 cm. Grossly, most tumors were large, polypoid, and ulcerated masses frequently affecting the glans (93%) and deeply invading corpora cavernosa (80%) and skin. Microscopically, the lesions were predominantly composed of atypical spindle cells disposed in interlacing fascicles, resembling fibrosarcoma or leiomyosarcoma, sometimes admixed with pleomorphic giant cells mimicking malignant fibrous histiocytoma. One case was predominantly composed of myxoid areas. Less frequent and focal patterns were pseudoangiomatous and epithelioid. Mitotic figures were numerous, and necrosis was prominent. Foci of heterologous differentiation toward bone (osteosarcomatous component) were present in 1 case. Four cases showed a minor mixed component of usual, papillary, verrucous, and basaloid carcinoma. Intrapenile metastasis (''satellitosis'') was present in 4 tumors. One of the cases was multicentric with a separate independent focus of welldifferentiated carcinoma with pseudohyperplastic features. Associated low-and high-grade squamous intraepithelial lesions were noted in 73% of the cases. Immunohistochemical studies and HPV in situ hybridization were done in 5 cases. The spindle cells were diffusely positive for vimentin and p53 and showed at least intermediate expression of 34bE12 and p63 in all cases. EMA and AE1/AE3 were focally positive in 60% of the cases, and Cam 5.2 was focally positive in 1 case. Tumor cells failed to express muscle specific actin, smooth muscle actin, desmin, and S-100. HPV in situ hybridization was negative in all cases. Inguinal metastases were present in 89% of the cases. Two of five patients with adequate follow-up died of disease within 8 months of the diagnoses. In conclusion, penile sarcomatoid carcinomas are unusual, large, and aggressive tumors usually associated with lymph node metastasis and poor outcome. Differential diagnoses include sarcoma and melanoma. Cytokeratin 34bE12 and p63 appear to be the more specific and sensitive markers to categorize these tumors as epithelial. Diffuse immunoreactivity for p53, compared with a more basal and focal reactivity in differentiated squamous cell carcinoma, may be indicative of a late mutation in the natural progression of the disease.
S arcomatoid carcinomas are rare, high-grade, aggressive tumors. They commonly appear as biphasic neoplasms, with a carcinoma intermingled with a sarcomatoid component, sometimes with heterologous differentiation. Some of these lesions have been termed ''carcinosarcomas'' in the past. 31 Less often, they are devoid of an obvious epithelial differentiation on routine microscopy, and they consist entirely of spindle, sarcomatoid cells. Sarcomatoid carcinomas in the genitourinary tract (with the exception of the kidney) are relatively uncommon, 23, 34 and there is only a series of 5 cases 17 and a few case reports on the penile location. 1, 15, 18, [20] [21] [22] 32 We have collected 15 sarcomatoid carcinomas of the penis, to better define their clinical, histologic and immunohistochemical features.
MATERIALS AND METHODS
Fifteen sarcomatoid carcinomas were identified during a review of 400 cases of squamous cell carcinoma of the penis (4%) from the files of the Instituto de Patología e Investigación in Asunción, Paraguay. All specimens corresponded to partial or total penectomies. Clinical histories were obtained by review of the patients' charts, pathology reports, or consultation with primary physicians. Information about lymph node status was available in 9, and follow-up data in 5 cases. Clinical features evaluated were patients' age, duration of the disease prior to diagnosis, and anatomic sites of the primary tumor (glans, coronal sulcus, and foreskin). Pathologic factors evaluated were tumor size (in centimeters), gross appearance of the neoplasm, histologic classification of tumor type, presence and amount of sarcomatoid and epithelial components, histologic grade or grades (well differentiated or grade 1; moderately differentiated or grade 2; and poorly differentiated or grade 3), tumor thickness in millimeters, and anatomic levels of invasion. Presence of necrosis and vascular invasion were also recorded. Anatomic levels in the glans were: lamina propria, corpus spongiosum, tunica albuginea, and corpus cavernosum. In the foreskin, the levels were: lamina propria, dartos, and skin. The cases were included in this study if they showed, at least, 50% of sarcomatoid component. The diagnostic threshold for inclusion of cases was assigned as 50% on a practical basis to assure inclusion of cases with a substantial sarcomatoid component and because in our previous experience we have observed that most of cases in our series show a predominance of this component. Only an additional 4 cases showed a minor sarcomatoid component (less than 50%); however, distinguishing these cases was sometimes difficult (because of technical artifact, varying sampling strategies, and insufficient material remaining after deeper sections). In addition no follow-up was available in those 4 patients, precluding determination of the biologic potential of a minor component; therefore, these cases were not included in this series. An average of 5 hematoxylin and eosin slides was available per case. Paraffinembedded tissue was available in 5 cases. Sections were cut at 5 mm from representative blocks of each of these cases for immunohistochemical studies. The immunostains were prepared following the biotin-avidin-peroxidase technique developed by Hsu et al, 14 and the reaction product was visualized with diaminobenzidine. Immunostains were performed for AE1/AE3 (clone AE1/AE3; 1:20 dilution; Zymed, South San Francisco, CA), high molecular weight cytokeratin (monoclonal, clone 34bE12, 1:50 dilution; Dako, Denmark); Cam 5.2 (monoclonal, 1:5 dilution; Becton-Dickinson, Mountain View, CA); EMA (clone E29, 1:100 dilution, Dako); vimentin (clone V9, 1:500 dilution; Dako), muscle specific actin (HHF35; 1:50; Dako); smooth muscle actin (1A4, dilution 1:400; Dako); desmin (D33; 1:200, Dako); S-100 (polyclonal,1:12,000 dilution; Dako), p63 (4A4, 1:50, Dako), and p53 (DO-1; 1:50 dilution; Santa Cruz, CA). The results were analyzed semi quantitatively using four categories: ''negative'' (none), ''focal'' (,30%), ''intermediate'' (30%-60%), and ''diffuse'' (.60%).
In 5 cases, slide-based in situ hybridization (Ventana Medical Systems, Inc) for detection of low oncogenic risk HPV (cocktail of HPV genomic probes 6, 11, 42, 43, and 44) and intermediate and high oncogenic risk HPV (cocktail of HPV genomic probes 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 , 68, and 70) was performed on 5-mm-thick, formalin-fixed, paraffin-embedded tissue sections. 10, 25 
RESULTS

Clinical Features and Outcome
The patients' age ranged from 28 to 81 years (average 59 years). According to most patients, the tumors were slowly growing for a period of time but then rapidly enlarged and ulcerated in the last few months prior to diagnosis. Some tumors, however, grew rapidly from the beginning. Tumors affected the distal penis and their largest tumor dimension ranged from 2.5 to 7 cm (average, 5.0 cm).
Eight of nine patients had pathologically proven inguinal lymph node metastases (89%). In 3 patients with partial penectomies, the tumor recurred locally (sites of recurrence were corpus cavernosum in 2 cases, and combined urethra, corpus cavernosum, and skin in one). Two of five patients with adequate follow-up died of metastatic disease. One of them died 2 months after the diagnosis and the other (a patient with recurrent carcinoma) 8 months after the diagnosis. Neither of these patients underwent autopsy. The disease status of the 3 patients that were alive at the time of our study was as follows: one continues without evidence of disease 7 years after the diagnosis, and 2 of them are alive with evidence of disease 2 and 3 years after the diagnosis.
Pathologic Features Gross Features
Most tumors were large, polypoid, and fungating, typically exhibiting surface ulceration. They frequently affected the glans (93%), either exclusively or in combination with the coronal sulcus and foreskin. Two cases affected exclusively the foreskin, one of which was multicentric. Cut surfaces revealed a deeply invasive nodular mass with a vertical pattern of growth ( Fig. 1) . A few of the lesions showed a mixed growth pattern but always included vertical growth. The lesions were variously described as firm, gray, white, or tan, with focal hemorrhage and necrosis. Most tumors invaded the corpora cavernosa (80%) in the glans, and the skin in the prepuce. Intrapenile satellite nodules were identified in the corpora cavernosa and skin in 4 cases ( Fig. 1 ).
Microscopic Features
The appearance of the neoplasms varied considerably from case to case, and in different areas of the same case. However, all had a prominent component of spindle cells (more than 50%; and in the large majority of cases more than 80%) that exhibited a variety of growth patterns and appearances. Interlacing fascicles of atypical spindle cells, resembling fibrosarcoma or leiomyosarcoma, were present in 14 cases. The spindle cells in areas were closely packed, or separated by variable amounts of collagen ( Fig. 2A) , with focal hyalinization. One case was predominantly composed of spindle cells embedded in a loose myxoid stroma ( Fig. 2B ). Two additional cases showed myxoid changes, but only focally. More pleomorphic and frankly anaplastic mononuclear or giant multinucleated cells admixed with spindle cells, arranged in fascicular and storiform patterns, reminiscent of malignant fibrous histiocytoma, were seen in variable amounts in 6 cases ( Fig. 2C ). Neoplastic multinucleated giant cells with foamy-xanthomatous cytoplasm were occasionally seen. In 4 cases, hyaline globules of different sizes were found in the neoplastic cells. A less frequent and usually focal pattern was pseudoangiosarcomatous, where the neoplastic cells, with epithelioid or spindle cell features, were arranged around pseudovascular spaces, mimicking angiosarcoma. This pseudoangiosarcomatous pattern was very prominent in 1 of the cases (Fig. 2D) . A hemangiopericytoma-like pattern was focally present in 1 case. The cells tended to be more rounded and epithelioid in the transition between the frankly q 2005 Lippincott Williams & Wilkins sarcomatoid and the clearly epithelial component in some cases. Epithelioid cells with rhabdoid phenotype were focally seen in 1 case. Mitotic figures varied in frequency from area to area in every neoplasm. Foci with numerous and atypical mitoses were present in all tumors. Areas of necrosis were prominent in most cases and only focal in a few cases. Lymphovascular invasion was identified in 50% of the cases. Foci of heterologous osseous differentiation of the sarcomatoid component (osteosarcoma) were present in 1 case ( Fig.  2E ). In general, the sarcomatoid component predominated in our cases. All cases, however, showed a minor component of squamous cell carcinoma that ranged from carcinoma in situ to infiltrating carcinoma. This squamous cell component was usually focal, difficult to typify, and present at or near the surface of the lesion. In 4 cases, the squamous cell component was sufficient to be classified as usual, papillary, verrucous, and basaloid carcinoma. The sarcomatoid foci merged imperceptibly with the carcinoma areas, at least focally, in most cases. However, foci where typical epithelial component was admixed but frankly distinct from the sarcomatoid component were also identified (Fig. 2F ). The majority of the sarcomatoid areas were high grade; the differentiation of the squamous component was a combination of moderate and poor in most lesions, and well differentiated in 1 case. One of the cases, affecting exclusively the foreskin, was multicentric with a separate independent focus of well-differentiated squamous cell carcinoma with pseudohyperplastic features. Associated low-and high-grade squamous intraepithelial lesions were noted in 73% of the cases. Three of the cases were associated with lichen sclerosus. Intrapenile metastasis (''satellitosis''), with high-grade squamous and sarcomatoid appearance, was present in 4 tumors. The microscopic features of the metastatic lesions in lymph nodes showed a predominance of the sarcomatoid over the epithelial component in most cases.
Immunohistochemical Features
The spindle cells were diffusely positive for vimentin ( Fig. 3A ) and p53 (Fig. 3D ), and showed intermediate to diffuse expression of 34bE12 ( Fig. 3B ) and p63 ( Fig. 3C ) in all cases. EMA and AE1/AE3 were focally positive in 60% of the cases and Cam 5.2 was focally positive in 1 case. The tumor cells were negative for muscle specific actin, smooth muscle actin, desmin, and S-100. When present, the epithelial component was positive for AE1/AE3, 34BE12, p63, and EMA, variably positive for CAM 5.2, and negative for vimentin ( Fig. 3A) and all the other mesenchymal and neural markers. p53 expression was variable, from negative to focally positive in the epithelial component, and more prominent in the basal areas ( Fig. 3E ).
Molecular Studies
HPV DNA was not detected by in situ hybridization in any of the five tumors in which it was performed.
DISCUSSION
Sarcomatoid carcinoma is an uncommon morphologic variant of carcinoma that presents in either a purely sarcomatoid form or in association with a typical epithelial phenotype. 5, 31 The term carcinosarcoma has been considered synonymous with sarcomatoid carcinomas by some authors, while others distinguish them by their histologic appearances. It has been classically considered that in sarcomatoid carcinoma, the obviously epithelial component usually merges imperceptibly with the spindle cell component. 23, 31 Carcinosarcoma instead shows an intimate admixture of carcinomatous and sarcomatous elements, with the former usually standing out prominently from a sarcomatous background. In addition, the sarcomatoid component in carcinosarcoma often exhibits heterologous differentiation toward skeletal muscle or chondro-osseous tissue. 34 Two opposing theories have considered the underlying basis for the development of these tumors: a monoclonal origin from a no committed stem cell giving rise to both components and an independent multiclonal origin for each of the mesenchymal and squamous components. Recent molecular studies of these tumors in different organs sites have shown evidence for the sarcomatoid transformation from the epithelial component, thereby supporting a monoclonal hypothesis. 5 Since there is now a general consensus that the spindle cells are malignant epithelial cells in most cases, and since, in most of our cases, at least focally, the epithelial component merged imperceptibly with the spindle cell component, we prefer the designation of ''sarcomatoid carcinoma'' for the tumors in this series, including the rare case with osteosarcomatous foci.
Sarcomatoid carcinomas are rare occurrences along the urogenital tract, and only a few reports and a recent series of 5 tumors exist in the literature regarding these tumors in penile location. 1, 15, 17, 18, [20] [21] [22] 32 The morphologic features of the penile tumors are similar to their counterparts in other sites, especially the head and neck and the esophagus. 7, 33 The majority of cases showed a predominance of atypical spindle cells with variable patterns associated with a minor component of squamous cell carcinoma. Even small percentages of sarcomatoid elements have been found to have an adverse prognostic impact in sarcomatoid carcinomas in different locations. 4 Unfortunately few cases with only a minor spindle cell component were observed in our series of 400 squamous cell carcinomas. These were not included in this group of 15 sarcomatoid carcinomas because of their small number and lack of follow-up. Additionally, the limited presence of a spindle component often precluded further studies. However, in a recent study of 115 penile squamous cell carcinomas, we found that metastasis was significantly more frequent in patients with high-grade tumors and that focal and extensive proportions of grade 3 were equally related to a high incidence of metastasis. Sarcomatoid carcinomas with only focal presence of spindle cell elements were not present in that study; however, as a general rule in penile squamous cell carcinomas, any percentage of grade 3 is associated with a high risk of metastasis. 8 We speculate that the finding of only few cases with a minor sarcomatoid component may be due to the rapid growth of this component resulting in overgrowth over the usual lower-grade squamous component. A wide variety of patterns that can be seen in the sarcomatous component include heterologous differentiation. Foci of osteosarcoma were identified in 1 case, and we have previously seen another case, not included in this group, with foci of chondrosarcoma. The different histologic patterns observed in this series and their frequencies are very similar to those described in a series of sarcomatoid carcinoma of the mucous membranes of the head and neck region. 16 Spontaneous sarcomatoid change may develop within a variety of histologic types of penile carcinomas, from the extremely low grade verrucous, the rare low-grade papillary not otherwise specified, to the usual squamous cell carcinoma and the high-grade basaloid carcinoma, as shown in this study. The presence of foci of special types of squamous cell carcinoma, associated with the sarcomatoid areas, would indicate a secondary sarcomatoid transformation from a preexisting tumor at least in some of the cases. The long duration of the disease prior to diagnosis appears to support this concept.
HPV in situ hybridization was negative in 5 of our cases in which it was performed, and we did not see any morphologic suggestion of HPV infection in the hematoxylin and eosin sections, except for the focal areas of basaloid carcinoma in 1 of the 15 cases in this series. Our findings concord with those of Lont et al 17 ; HPV DNA was not detected by PCR in any of the 5 cases in their series. Altogether, these findings support the hypothesis of a non-HPV-related alter-native pathway in the development of these tumors. However, the alternative possibility that HPV could not be demonstrated in these neoplasms due to the fact that the foci of squamous cell carcinoma were massively outweighed by the sarcomatoid growth remains plausible and cannot be ruled out. The low number of cases precludes a more definitive conclusion. We therefore aim to extend our study to a larger number of cases of sarcomatoid carcinoma in the future.
In a recent study where the morphologic features and outcome of resected recurrent and primary penile squamous cell carcinoma were compared, we found that sarcomatoid carcinomas are frequently associated with local recurrences. 29 This may be due to an insufficiently wide surgical margin, the presence of vascular invasion in deep anatomic structures, or the unrecognized presence of corporal intrapenile metastasis (''satellitosis''). Intrapenile satellitosis, a recently described modality of cancer progression, 30 is a particularly frequent pattern of intrapenile metastasis of high-grade squamous cell carcinomas including primary and especially recurrent sarcomatoid carcinomas. It has also been reported that sarcomatoid carcinomas may be seen in cases of recurrent penile carcinoma, in which the primary neoplasm does not show sarcomatoid change. In one case report, the patient received radiation therapy after the first resection and the tumor recurred 2 years later showing sarcomatoid features. 13 The development of sarcomatoid carcinoma after radiation therapy has been well documented in different organs. 26 In genitourinary organs, sarcomatoid carcinoma occurs at frequencies that vary in different series from 1% to 8% in the kidney 4, 9, 23 and 0.3% in the bladder. 28 In squamous cell carcinoma of the head and neck region, the incidence ranges from 0.006% to 7.7% in different locations. 19, 27 The incidence within our group of 4% seems to be intermediate between renal cell carcinomas of various types and bladder carcinomas. The reason that so few cases have been reported may be that carcinoma of the penis is uncommon, and not that sarcomatoid change occurs less frequently in penile carcinoma than in other sites.
Inguinal lymph node metastases were seen in 89% of the patients in our study, and 2 of 5 patients with follow-up died of metastatic disease. This finding is consistent with the high incidence of nodal metastasis and mortality reported previously in series with fewer cases where sarcomatoid and basaloid carcinomas were found among various histologic types of penile squamous cell carcinoma to be the ones associated with the worse prognosis. 6, 17 Since the three most important pathologic factors that help to predict regional and systemic metastases in penile carcinoma are histologic grade, depth, and vascular invasion, it is therefore not surprising that these high-grade and deeply invasive neoplasms with vascular invasion in approximately half of the cases were associated with such poor outcome. Tumors in the differential diagnosis of sarcomatoid carcinomas include malignant melanoma and sarcomas. Melanomas arising in the penis are rare, most frequently involving the glans. They may be predominantly composed of spindle cells; however, the presence of melanin, intraepidermal melanocytic proliferation, or a coexisting nevus component may be helpful to differentiate melanomas from carcinomas or sarcomas. Appropriate immunohistochemical studies aid in the distinction in most cases, particularly with expression by melanomas of S-100, Melan A, and HMB45, and nonreactivity for cytokeratins and EMA. It should be kept in mind, however, that spindle cell melanomas may be negative for HMB45 and that some sarcomatoid carcinomas have been reported to be focally positive for S-100. 34 Sarcomas of the penis are exceptional tumors, the most common of these being those of vascular origin (angiosarcoma, epithelioid hemangioendothelioma, and Kaposi sarcoma). Other reported sarcomas in this location are leiomyosarcomas, fibrosarcomas, malignant fibrous histiocytoma, and others. 7, 12, 33 We think that the distinction between sarcomatoid carcinomas and sarcomas can be made, based on gross examination, histologic, and immunohistochemical features. The first distinctive feature of sarcomas (with the exception of Kaposi sarcoma) is their most common deep location in the penile shaft, usually involving corpora cavernosa, which would be a highly unusual location for carcinomas. Histologically, the presence of in situ or invasive squamous cell carcinoma, admixed with the sarcomatoid component, is very helpful to make a diagnosis of sarcomatoid carcinoma. In a predominantly sarcomatous lesion, it is important to extensively sample the tumor surface and junction with adjacent intact skin to enable detection of what may often be a very focal squamous component. Upon review of multiple sections, it should be kept in mind that the squamous areas are more frequently found at or near the surface of the lesion, sometimes adjacent to the ulcerated surface. Finally, electron microscopy 18 and immunohistochemical studies can be contributory in making this distinction. Sarcomatoid carcinomas are usually strongly positive for vimentin, but they are usually negative, or only focally positive, for markers of specific mesenchymal differentiation such as muscle specific actin, smooth muscle actin, desmin, and S-100. Sarcomatoid carcinomas also express, at least focally, keratins, p63, or EMA. p63 is a recently identified p53 homologue that is highly expressed in embryonic ectoderm. 24 p63 expression in normal adult tissues is restricted to epithelial cells of stratified epithelia, and to certain subpopulations of basal cells in glandular structures. Consistent with the phenotype observed in normal tissues, p63 is expressed predominantly in basal cell and squamous cell carcinomas, as well as transitional cell carcinomas, but not in soft tissue sarcomas. 11 We found that p63 and keratin 34bE12 were particularly helpful in cases where other epithelial markers were negative.
In addition, we found a difference in p53 immunoreactivity between areas of differentiated squamous cell carcinoma compared with the sarcomatoid areas. It has been suggested that p53 mutations are not important, or at least do not represent early events in penile carcinogenesis. 3 By the same token, it has been proposed that p53 mutations may be important in the progression of squamous cell carcinoma in other locations. 2 Diffuse p53 immunoreactivity in the sarcomatoid areas compared with more focal and basal expression of p53 in differentiated areas may be indicative of a late stage of mutagenesis in the natural progression of penile squamous cell carcinomas. Additional molecular studies are necessary to confirm this hypothesis, since it has been shown that the overexpression of p53 by immunohistochemical studies does not always indicate a p53 mutation. 3 In summary, sarcomatoid carcinoma of the penis is an infrequent but distinct variant of squamous cell carcinoma, most likely HPV unrelated, characterized by a prominent or even exclusive spindle cell component. It manifests as large and aggressive tumors usually associated with lymph node metastases and poor outcome. Differential diagnoses include malignant melanoma and sarcoma. In our experience, p63 and keratin 34bE12 were the most frequently expressed epithelial markers in the sarcomatoid component. p53 diffuse immunoreactivity, compared with more basal and focal reactivity in differentiated squamous cell carcinomas, may be indicative of a late mutation in the natural progression of the disease.
